Introduction {#H1-1-ZOI200022}
============

Noncommunicable chronic diseases (NCDs) are the cause in 8 of 10 deaths,^[@zoi200022r1]^ and these rates show substantial and long-standing geographic inequalities in the United States.^[@zoi200022r2]^ More than half of these deaths affect people younger than 70 years.^[@zoi200022r3]^ Premature deaths due to NCD pose large and inequitable health and economic burdens on individuals, societies, and health systems.^[@zoi200022r4]^ The United States agreed to adopt an overarching target of reducing premature mortality from the 4 main NCDs (cardiovascular diseases, chronic respiratory diseases, cancers, and diabetes) by 25% relative to their 2010 levels by 2025 (referred to as the World Health Organization \[WHO\] 25 × 25 target).^[@zoi200022r5]^ Surveillance studies of NCD mortality in the United States documented temporal trends by race/ethnicity, sex, and age group from 2010 to 2015,^[@zoi200022r6]^ but little is known to date about whether these trends were consistent across counties for different socioeconomic statuses and geographic regions. A national perspective on county-level variation in premature mortality due to the 4 main NCDs could provide insights into regional inequalities and divergent trends in NCD mortality, which could help quantify the magnitude of regional associations with progress toward the WHO 25 × 25 target.

Among persons aged 45 to 79 years, about 50% of NCD mortality is associated with individual-level risk factors such as smoking, hypertension, diabetes, and obesity,^[@zoi200022r7]^ but only about one-tenth of variation in NCD mortality by state is accounted for by these risk factors.^[@zoi200022r8]^ Previous studies reported correlates of NCD mortality, including regional-level or system-related factors such as socioeconomic status, demographic composition, health care access, and environmental features, providing insight into additional characteristics that may predispose certain regions to disadvantage in NCD premature mortality.^[@zoi200022r9],[@zoi200022r10],[@zoi200022r11],[@zoi200022r12]^ A previous study^[@zoi200022r13]^ found that state-level premature cardiac mortality varied considerably across the United States, warranting more detailed studies to identify potential county-specific factors that may be associated with the mortality variation. Despite recognizing the importance of region-specific factors in shaping premature death due to NCDs, quantification of their associations in county-level inequality in death rates is limited by lack of standardized and consistent measures of county-level data linked to county-level NCD premature mortality.

This study aimed to estimate variation in NCD premature mortality across counties in US residents aged 25 to 64 years from January 1, 1999, through December 31, 2017, and to investigate county-specific factors associated with NCD premature mortality. By analyzing the trend in NCD premature mortality, this study also aims to assess the progress toward achieving the WHO 25 × 25 targets.

Methods {#H1-2-ZOI200022}
=======

Data {#H2-1-ZOI200022}
----

All data used in this study were deidentified. The Peking University ethics committee did not require institutional review board approval or informed consent for use of these data. This study followed the Strengthening the Reporting of Observational Studies in Epidemiology ([STROBE](http://www.equator-network.org/reporting-guidelines/strobe/)) reporting guideline.

This cross-sectional study defined NCD premature mortality as the number of deaths per 100 000 person-years attributable to cardiovascular diseases, chronic respiratory diseases, cancers, and diabetes that occurred among persons aged 25 to 64 years.^[@zoi200022r6],[@zoi200022r14]^ County-level, age-adjusted mortality was obtained from the National Center for Health Statistics of the US Centers for Disease Control and Prevention (CDC WONDER databases).^[@zoi200022r15]^ We conducted a cross-sectional study and identified NCD death as having an underlying cause classified in the *International Statistical Classification of Diseases and Related Health Problems, Tenth Revision* (*ICD-10*): cardiovascular disease (*ICD-10* codes I00-I99), chronic respiratory diseases (*IDC-10* codes J40-J47), cancers (*ICD-10* codes C00-C97), and diabetes (*ICD-10* codes E10-E14).^[@zoi200022r16]^

Based on literature review, we included 4 sets of county-specific characteristics that could be associated with NCD mortality variation, including demographic composition, socioeconomic features, health care environment, and population health status. Demographic composition included population size, rurality, sex, age, race/ethnicity, and foreign-born status. Socioeconomic features included median household income, unemployment, school enrollment, and violent crime rate. Health care environment included density of primary care physicians, Medicare enrollees with diabetes undergoing testing of hemoglobin A~1c~ (HbA~1c~) levels, access to places for physical activity, and access to healthy foods. Population health status included NCD risk index, self-rated poor or fair health, and total Medicare reimbursements per enrollee (a measure of use of health care services as a proxy for illness). These data were obtained from multiple databases from 2011 to 2017.^[@zoi200022r17],[@zoi200022r18],[@zoi200022r19],[@zoi200022r20],[@zoi200022r21],[@zoi200022r22],[@zoi200022r23]^ The data sources are outlined in [Table 1](#zoi200022t1){ref-type="table"}. Notably, race/ethnicity as a factor influencing the variations in NCD premature mortality was ascertained from death certificates and classified as non-Hispanic white (ie, white), non-Hispanic black or African American (ie, black), and Hispanic or Latino (ie, Latino).

###### Data Sources and County Characteristics in the United States

  County Characteristic                                                                                                                                                   Data Source                                                             Median (IQR) \[Range\]
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------- -----------------------------------------------
  Age-standardized mortality rate from the 4 major NCDs, 1999-2017, deaths per 100 000 population                                                                         CDC WONDER^[@zoi200022r15]^                                             231.10 (185.00 to 287.40) \[55.90 to 857.80\]
  Demographic composition, 2011-2017                                                                                                                                                                                                              
  1000 population                                                                                                                                                         CPE^[@zoi200022r20]^                                                    42.41 (22.71 to 106.44) \[4.44 to 10 170.29\]
  Rural, %                                                                                                                                                                UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   50.56 (26.30 to 71.91) \[0 to 100.00\]
  Female, %                                                                                                                                                               CPE^[@zoi200022r20]^                                                    50.58 (49.87 to 51.21) \[34.05 to 56.84\]
  Aged ≥65 y, %                                                                                                                                                           CPE^[@zoi200022r20]^                                                    16.49 (14.17 to 18.80) \[5.10 to 56.94\]
  African American, %                                                                                                                                                     CPE^[@zoi200022r20]^                                                    3.81 (1.03 to 14.16) \[0.05 to 85.33\]
  Native American/Alaskan, %                                                                                                                                              CPE^[@zoi200022r20]^                                                    0.51 (0.33 to 1.01) \[0.04 to 93.80\]
  Asian, %                                                                                                                                                                CPE^[@zoi200022r20]^                                                    0.76 (0.46 to 1.58) \[0.04 to 43.90\]
  Hispanic, %                                                                                                                                                             CPE^[@zoi200022r20]^                                                    4.02 (2.10 to 9.06) \[0.27 to 96.32\]
  Born outside the US, %                                                                                                                                                  ACS^[@zoi200022r21]^                                                    2.90 (1.45 to 5.92) \[0 to 52.00\]
  Economic and social features, 2011-2017                                                                                                                                                                                                         
  Median household income, \$1000                                                                                                                                         SAIPE^[@zoi200022r22]^                                                  40.77 (34.50 to 48.52) \[15.33 to 136.19\]
  Unemployed, %                                                                                                                                                           BLS^[@zoi200022r23]^                                                    6.39 (4.93 to 8.24) \[0.82 to 29.70\]
  Enrolled in school, %                                                                                                                                                   ACS^[@zoi200022r21]^                                                    24.88 (22.67 to 27.41) \[7.86 to 55.16\]
  No. of violent crimes per 100 000 person-years                                                                                                                          UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   240.65 (145.17 to 390.63) \[0 to 2349.64\]
  Health care and features of the environment                                                                                                                                                                                                     
  No. of primary care physicians per 100 000 population, 2011-2017                                                                                                        UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   52.63 (36.31 to 74.28) \[0 to 631.94\]
  No. of Medicare enrollees aged 65-75 y with diabetes undergoing HbA~1c~ test, 2011-2015[^b^](#zoi200022t1n2){ref-type="table-fn"}                                       DAHC^[@zoi200022r18]^[^c^](#zoi200022t1n3){ref-type="table-fn"}         85.62 (84.21 to 87.16) \[12.28 to 100.00\]
  People with access to places for physical activity, 2014-2019, %[^b^](#zoi200022t1n2){ref-type="table-fn"}^,^[^d^](#zoi200022t1n4){ref-type="table-fn"}                 UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   61.70 (53.10 to 77.97) \[0 to 100.00\]
  Food environment index, 2014-2019[^b^](#zoi200022t1n2){ref-type="table-fn"}^,^[^e^](#zoi200022t1n5){ref-type="table-fn"}^,^[^f^](#zoi200022t1n6){ref-type="table-fn"}   UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   7.41 (6.88 to 7.90) \[0.50 to 10.00\]
  Population health indicators                                                                                                                                                                                                                    
  NCD risk index, 2011-2017[^b^](#zoi200022t1n2){ref-type="table-fn"}^,^[^c^](#zoi200022t1n3){ref-type="table-fn"}^,^[^g^](#zoi200022t1n7){ref-type="table-fn"}           UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   −0.01 (−1.25 to 1.30) \[−7.04 to 5.67\]
  Poor/fair health, 2011-2017, %                                                                                                                                          UWPHI CHRR^[@zoi200022r17]^[^a^](#zoi200022t1n1){ref-type="table-fn"}   16.90 (13.50 to 21.00) \[3.60 to 50.80\]
  Total Medicare reimbursements per enrollee, 2011-2016, \$1000                                                                                                           DAHC^[@zoi200022r19]^                                                   9.92 (8.89 to 10.38) \[4.52 to 17.72\]

Abbreviations: ACS, American Community Survey; BLS, Bureau of Labor Statistics; CDC, Centers for Disease Control and Prevention; CHRR, County Health Rankings & Roadmaps; CPE, Census Population Estimates; DAHC, Dartmouth Atlas of Health Care; HbA~1c~, hemoglobin A~1c~; IQR, interquartile range; NCD, noncommunicable chronic diseases; SAIPE, Small Area Income and Poverty Estimates; UWPHI, University of Wisconsin Population Health Institute.

Provides a model to help communities understand the factors influencing healthy residents and summaries many health outcomes and health factors from other databases each year.

For those variables restricted to year range, we conducted an ordinary least square regression model to estimate the missing value.

Indicates a publicly available source of data providing county-level Medicare spending and mortality rates, selected measures of primary care access and quality, and hospital and physician capacity measures.

The 2014-2019 County Health Rankings and Roadmaps databases were used to summarize this variable from OneSource Global Business Browser (Avention, Concord, Massachusetts), DeLorme map data (DeLorme, Yarmouth, Maine), Esri (Redlands, California), and Census Bureau TIGER/Line files from 2012-2018.

The 2014-2019 County Health Rankings and Roadmaps databases were used to summarize this variable from US Department of Agriculture Food Environment Atlas, Map the Meal Gap from 2011-2016.

Calculated as a composite score ranging from 1 to 10, describing limits on access to healthy foods, with 1 indicating the lowest access to healthy foods, and 10 indicating the highest access to healthy foods.

Calculated by principal components analysis on county-level prevalence of diabetes, tobacco smoking, excessive drinking, obesity, and physical inactivity.

We included all the data available from the CDC WONDER databases. For each year, some counties show unreliable data that cannot be used for analysis because the number of deaths was less than 20. Thus, for 1999 to 2017, the CDC WONDER databases provided reliable data of 3109 counties.

Statistical Analysis {#H2-2-ZOI200022}
--------------------

Data were analyzed from April 1 through October 28, 2019. Given the change in number of counties by year, we estimated the county-level mortality in 2011 through 2017. To examine mortality variation, we estimated the percentage change in county-level mortality from 1999 through 2005 and 2011 through 2017. A total of 3024 counties were included in 1999 through 2005 and 3027 in 2011 through 2017. To decompose the geographic variations, we conducted the Theil index of county-level mortality. The advantage of the Theil index is that it can decompose the inequality into within- and between-state inequality.^[@zoi200022r24],[@zoi200022r25],[@zoi200022r26]^ We also assessed differences in the trends of mortality by income groups, 4 US regions (Midwest, Northeast, South, and West), and race/ethnicity from 1999 to 2017. The mortality trends were tested using interrupted time series to identify whether mortality varied significantly by year. Mortality rates in our study were age adjusted to be standardized to the 2000 US population.

We used hierarchical linear mixed models to estimate the associations of county-specific factors with NCD premature mortality. To quantify the extent to which the 4 sets of county-specific characteristics were associated with mortality variation, we conducted the dominance analysis for decomposition by examining the relative importance of these variables in contributing to the *R*^2^ value of the regression. We also fitted 4 models by sequentially adding sets of characteristics, based on the notion that we structured the analysis to account first for nonmodifiable factors and subsequently for modifiable factors. Coefficients in the final model can be interpreted as county-level mortality associated with each domain after included nonmodifiable and modifiable factors have been accounted for. For sensitivity analysis, we calculated the annual percentage rate for the trend analysis except for interrupted time series. We conducted an ordinary least square regression to explore the association between mortality and other factors except for hierarchical linear mixed models, and the results were robust. All analyses were conducted with STATA MP, version 14.0 (StataCorp LLC). Two-sided *P* \< .05 indicated significance.

Results {#H1-3-ZOI200022}
=======

Trends in NCD Premature Mortality {#H2-3-ZOI200022}
---------------------------------

A total of 3109 counties had 6 794 434 premature deaths due to NCD recorded from January 1, 1999, through December 31, 2017. Among these, 50.58% (interquartile range \[IQR\], 49.87%-51.21%) were women, 49.42% (IQR, 48.79%-50.13%) were men, 16.49% (IQR, 14.17%-18.80%) were 65 years or older, and 50.56% (IQR, 26.30%-71.91%) lived in rural areas. [Table 2](#zoi200022t2){ref-type="table"} summarizes the results for the 4 NCDs from 1999 to 2017 at the national level. Mortality decreased annually by 4.30 (95% CI, −4.54 to −4.08) deaths per 100 000 person-years from 1999 to 2010 (*P* \< .001) and decreased annually at a rate of 0.90 (95% CI, −1.13 to −0.73) deaths per 100 000 person-years from 2010 to 2017 (*P* \< .001). The age-adjusted NCD mortality decreased by 22.10% from 1999 to 2017, and mortality due to cardiovascular diseases and cancers decreased by 21.70% and 27.10%, respectively. Mortality due to chronic respiratory diseases slightly decreased by 0.04% and mortality due to diabetes slightly increased by 0.04% ([Table 2](#zoi200022t2){ref-type="table"}).

###### Trends and Variation in Age-Adjusted Mortality Rate Due to NCDs in US Residents Aged 25-64 Years, 1999-2017

  Study Year   Mortality Rate by NCD, Deaths per 100 000 Population (SE)   County-Level Variation in Mortality Rate, Theil Index                                                                         
  ------------ ----------------------------------------------------------- ------------------------------------------------------- -------------- --------------- -------------- ------- --------------- ---------------
  1999         232.70 (0.40)                                               100.20 (0.30)                                           11.00 (0.10)   110.10 (0.30)   11.50 (0.10)   0.037   0.023 (62.20)   0.014 (37.80)
  2000         229.00 (0.40)                                               98.50 (0.30)                                            10.50 (0.10)   108.50 (0.30)   11.50 (0.10)   0.039   0.025 (64.10)   0.014 (35.90)
  2001         224.50 (0.40)                                               95.40 (0.30)                                            10.50 (0.10)   107.00 (0.30)   11.60 (0.10)   0.040   0.025 (62.50)   0.015 (37.50)
  2002         221.10 (0.40)                                               94.50 (0.20)                                            10.30 (0.10)   104.60 (0.30)   11.80 (0.10)   0.041   0.024 (58.50)   0.017 (41.50)
  2003         217.30 (0.40)                                               92.70 (0.20)                                            10.40 (0.10)   102.40 (0.30)   11.90 (0.10)   0.042   0.025 (59.50)   0.017 (40.50)
  2004         209.00 (0.40)                                               88.60 (0.20)                                            9.70 (0.10)    99.20 (0.20)    11.50 (0.10)   0.048   0.028 (58.30)   0.020 (41.70)
  2005         207.10 (0.30)                                               87.50 (0.20)                                            10.20 (0.10)   97.90 (0.20)    11.50 (0.10)   0.048   0.028 (58.30)   0.020 (41.70)
  2006         202.20 (0.30)                                               85.30 (0.20)                                            9.60 (0.10)    95.90 (0.20)    11.30 (0.10)   0.047   0.028 (59.60)   0.019 (40.40)
  2007         197.00 (0.30)                                               82.60 (0.20)                                            9.70 (0.10)    93.80 (0.20)    10.90 (0.10)   0.047   0.028 (59.60)   0.019 (40.40)
  2008         194.40 (0.30)                                               81.40 (0.20)                                            10.20 (0.10)   92.20 (0.20)    10.60 (0.10)   0.048   0.027 (56.20)   0.021 (43.70)
  2009         191.70 (0.30)                                               79.50 (0.20)                                            10.10 (0.10)   91.60 (0.20)    10.50 (0.10)   0.051   0.029 (56.90)   0.022 (43.10)
  2010         188.90 (0.30)                                               78.20 (0.20)                                            9.80 (0.10)    90.50 (0.20)    10.40 (0.10)   0.051   0.029 (56.90)   0.022 (43.10)
  2011         187.50 (0.30)                                               77.40 (0.20)                                            10.00 (0.10)   89.10 (0.20)    10.90 (0.10)   0.053   0.031 (58.50)   0.022 (41.50)
  2012         186.10 (0.30)                                               77.10 (0.20)                                            10.00 (0.10)   88.30 (0.20)    10.60 (0.10)   0.056   0.032 (57.10)   0.024 (42.90)
  2013         185.30 (0.30)                                               77.30 (0.20)                                            10.30 (0.10)   86.70 (0.20)    11.00 (0.10)   0.055   0.031 (56.40)   0.024 (43.60)
  2014         185.00 (0.30)                                               77.70 (0.20)                                            10.30 (0.10)   85.80 (0.20)    11.10 (0.10)   0.059   0.033 (55.90)   0.026 (44.10)
  2015         184.20 (0.30)                                               78.10 (0.20)                                            10.50 (0.10)   84.10 (0.20)    11.60 (0.10)   0.061   0.035 (57.40)   0.026 (42.60)
  2016         183.70 (0.30)                                               78.90 (0.20)                                            10.60 (0.10)   82.70 (0.20)    11.60 (0.10)   0.061   0.036 (59.00)   0.025 (41.00)
  2017         181.30 (0.30)                                               78.50 (0.20)                                            10.60 (0.10)   80.30 (0.20)    12.00 (0.10)   0.063   0.036 (57.10)   0.027 (42.90)

Abbreviation: NCD, noncommunicable chronic disease.

The trend of mortality was tested by interrupted time series. The mortality decreased annually by 4.30 (95% CI, −4.54 to −4.08; *P* \< .001) deaths per 100 000 person-years from 1999 to 2010 and decreased annually at a rate of 0.90 (95% CI, −1.13 to −0.73, *P* \< .001) deaths per 100 000 person-years from 2010 to 2017.

Trends in Variations in NCD Premature Mortality {#H2-4-ZOI200022}
-----------------------------------------------

The county with the highest mortality had a rate 10.40 times as high as that of the county with the lowest mortality (615.40 vs 59.20 per 100 000 population) in 2017. The highest rates in 2011 to 2017 were observed in counties in a band, stretching from Oklahoma to Mississippi and eastern Kentucky. Conversely, the lowest rates were observed in counties in central Colorado and near the border of Idaho, Montana, and Wyoming ([Figure 1](#zoi200022f1){ref-type="fig"}A). The percentage change in mortality between 1999 to 2005 and 2011 to 2017 varied across counties. In particular, increasing rates of mortality were observed in many of the same counties in the band of South-Central states that had the highest mortality in 2011 to 2017 ([Figure 1](#zoi200022f1){ref-type="fig"}B). The county-level mortality from 1999 to 2017 ([Figure 1](#zoi200022f1){ref-type="fig"}C) showed similar trends to the national-level mortality ([Table 2](#zoi200022t2){ref-type="table"}). There was a deflection point in both trends in 2010, with significant slowing in the decline from 2010 to 2017.

![County-Level Variation in Age-Adjusted Premature Mortality Due to Noncommunicable Chronic Diseases\
Data are obtained from US counties from January 1, 1999, through December 31, 2017, for residents aged 25 to 64 years. A, Age-adjusted mortality from the 4 major noncommunicable chronic diseases in 3147 counties, 2011 through 2017. Data are shown as mortality per 100 000 person-years. B, Data are shown as percentage of change in the age-adjusted mortality by 3024 counties from 1999 through 2005 and 3027 counties from 2011 through 2017. C, Data are adjusted for age. Boxes indicate interquartile range; error bars, range; and horizontal lines, median. Counties with less than 20 deaths were not included in the analysis.](jamanetwopen-3-e200241-g001){#zoi200022f1}

For the county-level variation in mortality, the Theil index increased from 0.037 in 1999 to 0.063 in 2017, indicating an increase in county-level mortality inequality. The geographic inequalities were decomposed between states and within states, and within-state differences accounted for most of the inequalities (57.10% in 2017). The degree of between-state inequality increased faster than the rate of within-state inequality, and the proportion of overall within-state inequality thus declined by year ([Table 2](#zoi200022t2){ref-type="table"}).

Premature mortality due to NCD also varied by regions and income groups, as shown in [Figure 2](#zoi200022f2){ref-type="fig"}. The mortality rates among low-income counties were significantly higher than those among high-income counties, and the gaps between low- and high-income counties were widened in all 4 US regions. The median mortality for low-income counties in 2017 was 301.90 per 100 000 person-years; for middle-income counties, 224.30 per 100 000 person-years; and for high-income counties, 164.90 per 100 000 person-years. In comparison, these rates were 315.55 for low-income counties, 252.80 for middle-income counties, and 212.70 for high-income counties in 1999. During 2010 and 2017, high-income counties showed declines in trends of mortality (1.42% in the Midwest, 6.31% in the Northeast, 1.49% in the South, and 2.38% in the West), while low-income counties had increased rates of mortality in 3 regions (1.16% in the Midwest, 8.33% in the South, and 5.26% in the West) and a 3.01% decrease in the Northeast ([Figure 2](#zoi200022f2){ref-type="fig"}). Mortality variation by race/ethnicity is shown in eFigure in the [Supplement](#note-ZOI200022-1-s){ref-type="supplementary-material"}. The trends in mortality were tested by interrupted time series in eTables 1 and 2 in the [Supplement](#note-ZOI200022-1-s){ref-type="supplementary-material"}.

![Trends in County-Level, Age-Adjusted Premature Mortality Due to Noncommunicable Chronic Diseases by Income Groups\
Includes US residents aged 25 to 64 years by income groups in 4 US regions (Midwest, Northeast, South, and West) from January 1, 1999, through December 31, 2017. Fitted line indicates median; shaded area, 95% CI.](jamanetwopen-3-e200241-g002){#zoi200022f2}

Associations Between County Characteristics and NCD Premature Mortality {#H2-5-ZOI200022}
-----------------------------------------------------------------------

For bivariate associations, county-level mortality was independently associated with demographic composition, socioeconomic features, health care environment, and population health status. The 4 sets of factors collectively were associated with 71.83% mortality variation (model 4). Dominance analysis showed that demographic composition had a 19.51% association with the mortality variation; socioeconomic features, 23.34%; health care environment, 16.40%; and population health status, 40.75% ([Table 3](#zoi200022t3){ref-type="table"}).

###### County-Level Factors Associated With Age-Adjusted NCD Death Rates in US Residents Aged 25-64 Years From 2011 to 2017

  County Characteristic                                                             Standard Dominance Statistic, %[^a^](#zoi200022t3n1){ref-type="table-fn"}   Coefficient (95% CI)[^a^](#zoi200022t3n1){ref-type="table-fn"}                                                                                  
  --------------------------------------------------------------------------------- --------------------------------------------------------------------------- ---------------------------------------------------------------- ------------------------ -------------------------- -------------------------- --------------------------
  Demographic composition                                                                                                                                                                                                                                                                                       
  1000 population                                                                   19.51                                                                       −0.04 (−0.04 to −0.04)                                           0.004 (0.001 to 0.01)    −0.002 (−0.004 to 0.001)   −0.001 (−0.004 to 0.001)   −0.003 (−0.005 to 0.001)
  Rural, %                                                                          1.09 (1.04 to 1.14)                                                         0.51 (0.46 to 0.56)                                              0.23 (0.18 to 0.28)      0.15 (0.10 to 0.21)        0.06 (0.01 to 0.11)        
  Female, %                                                                         1.45 (0.65 to 2.26)                                                         −1.33 (−1.94 to −0.71)                                           0.19 (−0.38 to 0.76)     0.55 (−0.03 to 1.12)       −0.45 (−0.99 to 0.09)      
  Age ≥65 y, %                                                                      3.03 (2.70 to 3.35)                                                         2.62 (2.33 to 2.91)                                              −0.96 (−1.31 to −0.60)   −0.74 (−1.10 to −0.37)     0.25 (−0.10 to 0.59)       
  African American, %                                                               2.18 (2.09 to 2.27)                                                         2.12 (2.03 to 2.22)                                              1.12 (1.03 to 1.22)      0.95 (0.85 to 1.06)        0.63 (0.53 to 0.73)        
  Native American/Alaskan, %                                                        1.27 (1.01 to 1.53)                                                         1.50 (1.29 to 1.71)                                              0.79 (0.60 to 0.98)      0.57 (0.36 to 0.77)        0.11 (−0.09 to 0.31)       
  Asian, %                                                                          −8.14 (−8.54 to −7.73)                                                      −0.003 (−0.60 to 0.59)                                           3.16 (2.63 to 3.70)      3.23 (2.70 to 3.76)        2.17 (1.69 to 2.65)        
  Hispanic, %                                                                       −1.38 (−1.49 to −1.27)                                                      1.27 (1.08 to 1.46)                                              0.32 (0.15 to 0.49)      0.25 (0.08 to 0.42)        −0.34 (−0.50 to −0.18)     
  Born outside the US, %                                                            −5.02 (−5.24 to −4.81)                                                      −3.87 (−4.32 to −3.43)                                           −2.68 (−3.07 to −2.28)   −2.45 (−2.85 to −2.06)     −1.61 (−1.98 to −1.24)     
  Economic and social features                                                                                                                                                                                                                                                                                  
  Median household income, \$1000                                                   23.34                                                                       −3.81 (−3.88 to −3.73)                                           NA                       −2.53 (−2.64 to −2.43)     −2.42 (−2.52 to −2.31)     −1.52 (−1.63 to −1.40)
  Unemployed, %                                                                     9.00 (8.46 to 9.54)                                                         NA                                                               −0.32 (−0.76 to 0.11)    −0.82 (−1.27 to −0.37)     −0.91 (−1.33 to −0.48)     
  Enrolled in school, %                                                             −4.28 (−4.59 to −3.97)                                                      NA                                                               −3.33 (−3.65 to −3.02)   −3.28 (−3.6 to −2.96)      −1.55 (−1.86 to −1.24)     
  No. of violent crimes per 100 000 population                                      0.09 (0.08 to 0.09)                                                         NA                                                               0.02 (0.02 to 0.03)      0.02 (0.02 to 0.03)        0.02 (0.02 to 0.03)        
  Health care and features of the environment                                                                                                                                                                                                                                                                   
  No. of primary care physicians per 100 000 population                             16.40                                                                       −0.71 (−0.75 to −0.67)                                           NA                       NA                         −0.12 (−0.15 to −0.09)     0.005 (−0.02 to 0.03)
  No. of Medicare enrollees aged 65-75 y with diabetes undergoing HbA~1c~ test, %   −3.21 (−3.51 to −2.92)                                                      NA                                                               NA                       −0.31 (−0.54 to −0.09)     −0.11 (−0.33 to 0.10)      
  Access to exercise opportunities, %                                               −1.76 (−1.82 to −1.69)                                                      NA                                                               NA                       −0.12 (−0.17 to −0.06)     −0.03 (−0.09 to 0.02)      
  Food environment index                                                            −39.47 (−40.72 to −38.22)                                                   NA                                                               NA                       −4.02 (−5.48 to −2.56)     −1.23 (−2.60 to 0.14)      
  Population health indicators                                                                                                                                                                                                                                                                                  
  NCD risk index                                                                    40.75                                                                       34.40 (33.90 to 34.90)                                           NA                       NA                         NA                         12.3 (11.14 to 13.47)
  Poor or fair health, %                                                            10.15 (9.95 to 10.35)                                                       NA                                                               NA                       NA                         2.23 (1.95 to 2.52)        
  Total Medicare reimbursements per enrollee, \$1000                                26.26 (25.26 to 27.27)                                                      NA                                                               NA                       NA                         7.63 (6.77 to 8.49)        
  Variance components                                                                                                                                                                                                                                                                                           
  State intercept variance                                                          NA                                                                          NA                                                               1080.54 (NA)             794.55 (NA)                750.74 (NA)                193.37 (NA)
  Model residual variance                                                           NA                                                                          NA                                                               2557.71 (NA)             1964.48 (NA)               1944.38 (NA)               1702.87 (NA)
  Variance modeled                                                                  NA                                                                          NA                                                               57.68 (NA)               67.50 (NA)                 67.83 (NA)                 71.83 (NA)
                                                                                                                                                                                                                                                                                                                
  Model fit, log likelihood                                                         NA                                                                          NA                                                               −64 943.40 (NA)          −63 341.10 (NA)            −63 277.50 (NA)            −62 443.10 (NA)
  Adjusted *R*^2^ value                                                             NA                                                                          NA                                                               0.40 (NA)                0.57 (NA)                  0.59 (NA)                  0.69 (NA)

Abbreviations: HbA~1c~, hemoglobin A~1c~; NA, not applicable; NCD, noncommunicable chronic disease.

We combined the data on mortality from the Centers for Disease Control and Prevention WONDER databases and data on county characteristics from the multiple county-level databases in 2011 to 2017. For hierarchical linear mixed models, 87 counties were excluded owing to lack of data from the multiple county-level databases. Four variables (Medicare enrollees with diabetes undergoing HbA~1c~ testing, access to places for physical activity, food environment index, and total Medicare reimbursements per enrollee) restricted to year range. For those variables, we conducted an ordinary least square regression model to estimate the missing value.

In model 1, for each 1-point increase in the percentage of African American residents, mortality was higher by 2.12 (95% CI, 2.03-2.22) deaths per 100 000 person-years; for each 1-point increase in the percentage of Native American/Alaskan residents, mortality was higher by 1.50 (95% CI, 1.29-1.71) deaths per 100 000 person-years. For each 1-point increase in the percentage of foreign-born residents, mortality was lower by 3.87 (95% CI, −4.32 to −3.43) deaths per 100 000 person-years. In model 4, mortality association for median household income (thousands of dollars) was −1.52 (95% CI, −1.63 to −1.40) deaths per 100 000 person-years; for percentage of unemployment, −0.91 (95% CI, −1.33 to 0.48) deaths per 100 000 person-years; for percentage of school enrollment, −1.55 (95% CI, −1.86 to −1.24) deaths per 100 000 person-years; and for violent crime rate, 0.02 (95% CI, 0.02-0.03) deaths per 100 000 person-years. For the health care environment factor, the percentage of Medicare enrollees with diabetes who underwent HbA~1c~ testing was inversely associated with mortality at −0.11 (95% CI, −0.33 to 0.10) deaths per 100 000 person-years, and the food environment index was negatively associated with mortality at −1.23 (95% CI, −2.60 to 0.14) deaths per 100 000 person-years. For the population health status factor, the NCD risk index was positively associated with mortality at 12.3 (95% CI, 11.14-13.47) deaths per 100 000 person-years; percentage of population with poor or fair health, 2.23 (95% CI, 1.95-2.52) deaths per 100 000 person-years; and total Medicare reimbursements per enrollee, 7.63 (95% CI, 6.77-8.49) deaths per 100 000 person-years.

Discussion {#H1-4-ZOI200022}
==========

In this cross-sectional study of 3109 US counties, the variation in NCD premature mortality increased from 1999 to 2017, with in-state differences accounting for most of the inequalities. Mortality variation was associated with demographic composition, socioeconomic features, health care environment, and population health status. The slowing trend in the decrease of mortality and widening variations in mortality suggest the importance of the analysis on the influencing factors for mortality disadvantage.

The findings of the present study indicated that NCD premature deaths were heavily clustered in counties with low socioeconomic status (eg, low income and high proportion of black people).^[@zoi200022r27]^ In addition, the South had higher NCD mortality rates than other regions. Geographic inequalities in mortality were associated with factors related to measures of socioeconomic context (eg, high rate of violent crime).^[@zoi200022r28]^ Many southern counties are impoverished and medically underserved and experience other negative health outcomes.^[@zoi200022r29]^ The South, with high prevalence of smoking, diabetes, and obesity, has lagged behind the rest of the United States in improving these measures.^[@zoi200022r30],[@zoi200022r31]^ Moreover, within-state differences accounted for most of the geographic inequalities. By way of explanation, factors related to socioeconomic context may have more diversity within states than across states. However, the proportion of within-state inequality declined by year, which called our attention to policy changes focusing on efforts to reduce within-state and across-state socioeconomic inequality. Therefore, it appears that future policies, programs, and nationwide campaigns should consider more focused efforts in countries with a lower socioeconomic status, potentially targeting factors that may be associated with the differences in outcomes within states.

The near doubling of the magnitude of geographic inequality in NCD premature mortality was concerning. Nevertheless, we further found significant declines of mortality among high-income counties and significant increases in low-income counties, widening the gap between the high- and low-income counties from 2010 to 2017. The divergent trends have several explanations. High-income counties may have a greater capacity to quickly adopt new models of health care delivery, join campaigns to reduce NCD, and implement evidence-based recommended actions for primary and secondary treatment.^[@zoi200022r32]^ In addition, high-income counties may have greater resources to invest in the physical and social health environment.^[@zoi200022r33]^ Conversely, low-income counties may face unique challenges (eg, exposure to stress, inadequate social support), disorganized health services, or poor responsiveness of health systems that could attenuate the success of new prevention efforts to reduce NCD.^[@zoi200022r34]^ These challenges are consistent with previous studies that demonstrated that sociodemographic and geographic gaps may widen when large declines in diseases occur with successful established prevention activities, as is true for NCDs.^[@zoi200022r35]^ Theses studies argue that the ability to benefit from advances in disease prevention policies and programs is unequally distributed according to the socioeconomic standing of individuals and communities, thereby leading to differential rates of decline and subsequent widening of inequalities. Thus, the strategies for NCD control and prevention (ie, interventions aimed at community-level changes in health care access) should have been noted, given the differential resources available to communities and counties to make such interventions effective and sustain them.

Because socioeconomic status was associated with the widening mortality variations, we quantified population health status and socioeconomic features that might largely explain mortality variation, whereas health care environment added little information. These results provide insight into which characteristics may predispose certain counties to NCD mortality disadvantage and further imply that reducing inequalities across counties might likely require policies aimed at improving the socioeconomic circumstances of disadvantaged counties. Moreover, access to health care may not influence mortality inequalities as much as poor health status in the first place, making primordial prevention of risk factors a primary health-related goal for reducing geographic inequalities in NCD mortality.^[@zoi200022r36]^ Because the mortality inequalities are largely associated with socioeconomic factors beyond the scope of traditional public health, we may be placing an unrealistic burden on health departments to reduce the mortality gap between counties.

Although mortality inequalities are largely associated with socioeconomic factors, we found that NCD mortality in the South showed similar trends across counties of different income levels, suggesting that the influence of high-income status on reducing the NCD burden had not reached the disadvantaged geographic pattern. For example, people living in high-income counties tend to have higher Medicare reimbursements but less access to NCD treatment and prevention programs if they reside in the South, which leads to higher risk of NCD death. Moreover, among 19 states that did not join Medicaid expansion, 10 of them were in the South.^[@zoi200022r37]^ Lack of Medicaid expansion may obstruct access to health care, especially for people with low socioeconomic status in the South. A prior study showed that income difference may be associated with delayed and forgone health care.^[@zoi200022r38]^ Thus, lack of Medicaid expansion may be a potential factor underlying income-based inequalities. In addition, southern counties have higher proportions of black people, which may relate to other county-level factors (eg, health behaviors, health care access, and physical environment).^[@zoi200022r39]^ Thus, it appears that improving income status would not be enough to reduce the NCD burden in a racially disadvantaged population.

Our findings suggest that health policies aimed at reducing variations in NCD premature mortality require an understanding of modifiable socioeconomic status. That understanding is critical for identifying specific interventions and policies (eg, Medicaid expansion in the South, community-based health care for the black population) to ameliorate socioeconomic inequalities with the goal of addressing mortality inequalities and is an important area for future research. The implications of this study may provide lessons for other countries making progress toward achieving the WHO 25 × 25 target, which may help inspire joint actions on a large scale.

Limitations {#H2-6-ZOI200022}
-----------

This study had several limitations. First, the observational nature of our study limited our ability to draw any causal inference from our findings. Second, there was missingness of counties for each year. Some counties had unreliable data that cannot be used for analysis because the number of deaths was less than 20. To avoid bias, we estimated the mortality in 2011 to 2017 for 3027 of 3147 counties. To examine the trend in mortality variation, we estimated the percentage change in county-level mortality from 1999 to 2005 and from 2011 to 2017. Third, county-specific factors could only be obtained from 2011 to 2017, and the access to data was even worse for some variables. However, for those variables, we conducted an ordinary least square regression analysis to estimate the missing value. Moreover, owing to the limitation of the number of county-specific factors, the percentages of associations between premature mortality and each domain were potentially biased. To reduce bias, we conducted a factor analysis to explore the factors associated with mortality and finally included as many as 20 influencing factors from multiple databases that exist in every domain.

Conclusions {#H1-5-ZOI200022}
===========

Given the stagnated trend of decline and increasing variations in NCD premature mortality, this study suggest that the WHO 25 × 25 target appears to be unattainable, which may be related to broad failure by United Nations members to follow through on commitments of reducing the socioeconomic inequalities. The increasing inequalities in mortality are alarming and warrant expanded multisectoral efforts to ameliorate socioeconomic disparities.
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**eFigure.** Trends in County-Level, Age-Adjusted NCD Premature Mortality by Race/Ethnicity Groups, 1999-2017

**eTable 1.** Results of ITS on Trends in County-Level, Age-Adjusted NCD Premature Mortality by Income Groups in 4 US Regions, 1999-2017
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